The abbreviated Barcelona Test (a-BT) is an instrument widely used in Spain and Latin American countries for general neuropsychological assessment. The purpose of the present study was to provide new norms for the a-BT as part of the Neuronorma project. The sample consisted of 346 healthy controls. Overlapping cell procedure and midpoint techniques were applied to develop the normative data. Age, education, and sex influences were studied. Results indicated that although age and education affected the score on this test, sex did not. Raw scores were transformed to age-adjusted scaled scores (SS A ) based on percentile ranks. These SS A were also converted into age-education scaled scores using a linear regression model. Norms were presented on age-education scaled scores. Also, the a-BT cognitive profile was presented and should prove to be clinically useful for interpretation. These co-normed data will allow clinicians to compare scores from a-BT with all the tests included in the Neuronorma project.
Introduction
The availability of appropriate normative data is critical to the quality of neuropsychological assessment. As a result, wellstandardized tests should be chosen (Evans, 2003; Strauss, Sherman, & Spreen, 2006) because normative data are necessary for † Deceased.
‡ Members of the Neuronorma Study Team are given in Appendix B.
sample (family antecedents, personal antecedents, and active medical treatment) have been described in detail by Peña-Casanova, Blesa, and colleagues (2009) . Approval to conduct the study was obtained from the Research Ethics Committee of the Municipal Institute of Medical Care of Barcelona, Spain, and from the different participating centers. The study was conducted in accordance with the Declaration of Helsinki (World Medical Association, 1997) and its subsequent amendments, and the European Union regulations concerning medical research. All participants signed an informed consent before being tested and they received no financial reimbursement or any other compensation.
Neuropsychological Measures
A global cognition measure, the Mini Mental Status Examination (Folstein, Folstein, & McHugh, 1975) in a Spanish validated version (Blesa et al., 2001) , was used to select study participants. The age-and education-adjusted cutoff in the study was 24. Functional changes were evaluated by the IDDD (Teunisse et al., 1991) in its Spanish validated version (Böhm et al., 1998) .
The a-BT was administered as part of a larger battery of neuropsychological measures in the Neuronorma project (Peña-Casanova, Blesa, et al., 2009 ). Testing and scoring were performed by neuropsychologists specifically trained for this project. All the onsite neuropsychologists were licensed as psychologists and highly experienced in neuropsychological test administration and diagnosis. Standard administration and scoring procedures were followed as outlined in the original a-BT manual (Peña-Casanova, 1990) . It consists of 41 subtests that generate 55 variables which encompass a basic spectrum of the neuropsychological functions: language, attention, mental tracking, working memory, repetition, confrontation naming, semantic fluency, verbal comprehension, reading, writing, praxis, visual perceptual functions, verbal memory (story), visual memory (figures), numerical reasoning, concept formation, sustained attention, speed, and visuospatial and motor skills (details are shown in Appendix A).
In a series of subtests, a double score is included: a "pass or fail score" (one point scored for each item passed) and a "time score" (score adjusted to allow for delay in responding). Credit is only allowed for a correct response. The score may range from 1 to 3 for correct items depending on the time elapsed for responding.
Statistical Analysis
Normative procedures were the same as those used in the Neuronorma project (Peña-Casanova, Blesa, et al., 2009) . To summarize, age groups were defined through the overlapping cell procedure described by Pauker (1988) . The effect of age, education, and sex on raw a-BT subtest scores was studied using coefficients of correlation (r) and determination (R 2 ). The a-BT subtest raw scores were converted to age-adjusted scaled scores (SS A ; from 2 to 18), SS A based on percentile ranks, to produce a normal distribution (average 10, SD 3). Linear regressions were applied to the normalized SS A on each variable to further adjust for education and derived age-and education-adjusted scaled scores (SS AE ).
The regression coefficient (b) from this analysis was taken as the basis for education adjustments, when b was significant value. The formula outlined by Mungas, Marshall, Weldon, Haan, and Reed (1996) employed to calculate SS AE was the following:
In this linear regression, the criterion variable was the a-BT score and the predictor variable was years of education. This model can be applied due to the previously created normal distribution.
Statistical analyses were performed using R statistical software (v2.7.0) (R Development Core Team, 2008) .
Results
Correlations (r) and shared variances (R 2 ) of all the subtests of the a-BT with age, education, and sex are presented in Table 2 .
Age and education shared variance in the majority of the a-BT subtests. Sex differences accounted for ,2% of shared variance in all subtests, except in arithmetic, indicating no need to control for this demographic variable.
It was not possible to calculate correlations and shared variances in several variables because all the subjects obtained the same value. For example, the variance was zero in the case of subtests such as language and grammar, or forward series.
For age, shared variance (R 2 ) ranged between minimal (e.g., ,1% in personal orientation) and significant values (e.g., 24.8% in digit-symbol). A similar effect occurred in the case of education. The influence of this variable was significant in the majority of subtests, with high values as in visual memory (R 2 ¼ 30.8%), arithmetic (R 2 ¼ 39.3%), similarities (R 2 ¼ 40.6%), and digit-symbol (R 2 ¼ 43.5%). As an example, Table 3 provides the conversion of the raw scores of the story (narrative fragment) free recall to SS A . In this table are presented the percentile ranks, the age range of each midpoint (50 -56, 57-59, 60-62, 63-65, 66-68, 69-71, 72-74, 75 -77, 78 -80, and 81+) , the ranges of ages contributing to each normative group, and the number of participants contributing to each test normative estimate. The SS A have a range from 2 to 18 and a normal distribution (a mean of 10 and an SD of 3). Due to the large number of subtests, the rest of the SS A tables are presented as Supplementary material 1. Table 4 provides the conversion of SS A to SS AE for the same previously presented subtest, the story (narrative fragment) free recall. To use this table, select the appropriated column corresponding to the patient's years of education, find the patient's SS A , and subsequently refer to the corresponding SS AE . See Supplementary material 2 for the other subtests of the a-BT.
We observed that some subtests show a very skewed distribution. In these special subtests, a single item failure represents impairment. These subsets are presented in Table 5 . If the subject obtains the maxim score, the SS A is 18, but if the subject makes a mistake in such case, the SS A is 2. The same pattern was observed in all age range of each midpoint. Moreover, in this table, the raw score followed by its percentage in the normative sample is presented.
From these age -education-adjusted scaled scores, a new cognitive profile of the a-BT was designed (Table 6 ). This profile includes all scaled scores (from 2 to 18) and percentile ranks. Furthermore, the classification of ability levels is shown: very impaired, impaired, low average, average, high average, superior, and very superior.
Discussion
The purpose of the present study was to provide new normative data, from a multicenter project, of the a-BT. This brief test includes the main neuropsychological areas and only takes 30 -45 min to administer. It is, therefore, a test situated between screening tests and comprehensive neuropsychological batteries, such as the Repeatable Battery for the Assessment of Neuropsychological Status (RBANS; Randolph, 1998) or the ADAS-Cog (Rosen, Mohs, & Davis, 1984) .
It is of interest that our results indicate that not all the subtests of the a-BT show the same score distribution. Some of them (e.g., fluency and grammar, informative content of language, orientation, forward and backward series, naming, reading, etc.) have little or null dispersion of data. These kinds of test are, in fact, categorical or qualitative variables. That is to say, a subject repeats well (preservation) in contrast to not repeating well (alteration). A fact had previously been pointed out when the BT was first published (Peña-Casanova, 1990) . In other cases (e.g., complex ideational sentence comprehension, pseudoword reading and discrimination, superimposed figures, etc.), the dispersion is partial, which may affect the correct use of the 9  9  9  9  8  8  11  14  14  13  13  13  13  12  12  12  12  11  11  11  11  11  10  10  10  10  9  9  12  15  15  14  14  14  14  13  13  13  13  12  12  12  12  12  11  11  11  11  10  10  13  16  16  15  15  15  15  14  14  14  14  13  13  13  13 13 (Lezak et al., 2004) . We certainly agree with such a proposition and recognize the statistical problems of forcing these kinds of scores into a normal distribution. Finally, the rest of the subtests (e.g., semantic fluency, constructional praxis-drawing copy, all measures of memory, digit-symbol, arithmetic, similarities, and block design) show a clear variability of scores. In spite of the psychometrically different measures, given the characteristics and purposes of this normative project, we decided to maintain the same model of statistical analysis for all the subtests. Thus, we developed normative data following the single procedure used in the Neuronorma project.
The normative data used should be recent because when a test is re-normed, there is typically a reduction in the resulting standard scores with the new version (Pae et al., 2005) . As a result, a better performance with regard to the original sample, and a consequent over-estimation of performance, will be found with regard to the original norms (Baxendale, 2010; Iverson, Franzen, & Lovell, 1999; Hiscock, 2007) . Starting from this premise, the "Flynn effect" (Flynn, 1984 (Flynn, , 1987 ) could be connected. Related IQ effect notwithstanding, it is important to adopt new norms in neuropsychology (Bush, 2010; Strauss et al., 2006) .
Consistent with the findings of previous studies García-Morales et al., 1998; Gramunt-Fombuena et al., 1998; Peña-Casanova et al., 2005; Peña-Casanova, Meza, et al., 1997) , age and education contributed to the raw score on most subtests of the a-BT. Consequently, adjustments were necessary so raw scores were converted to SS A . This transformation generated a normal distribution for a posterior application of a regression model to adjust for education. Thanks to this, the method applied to all subtests and we developed a single record form for the representation of test results (Table 6 ). In this cognitive profile, the percentile ranks for each scaled score are presented. The combination between scaled scores and percentiles ranks has been considered the best possible way to express normative data (Crawford & Garthwaite, 2009) .
Furthermore, the cognitive profile is very useful as a visual representation of the test performance to facilitate interpretation (Bowman, 2002; Strauss et al., 2006) . It is well suited to documenting the specific cognitive changes or constancies that can occur with disease progression. On the other hand, it permits comparison with other test results due to the fact that the norms of the a-BT were obtained from the same study sample and the same statistical procedures for data analyses as all the other Neuronorma normative data (Peña-Casanova, Blesa, et al., 2009 ). This procedure has been used to enhance the comparison with cognitive scores, both at a single point in time and across time, and it is able to simultaneously obtain multiple data for the same normative sample (Smith & Ivnik, 2003) . It also permits the establishment of a cognitive profile separate from cognitive domains and the comparison among other neuropsychological tests (Kern et al., 2008) . These co-normed data will allow clinicians to compare scores from the a-BT with all the tests included in the Neuronorma project. However, the validity of these norms is heavily dependent upon the similarity between the characteristics of the patient being assessed and the demographic, cultural, and linguistic features of the normative sample (Ivnik et al., 1992a) . Therefore, the Neuronorma normative data may not apply to all Spanish-speaking populations.
There has recently been an increase in co-norming tests and batteries (Attix et al., 2009 ) including the outstanding Mayo Clinic Studies known as Mayo's Older Americans Studies (Ivnik et al., 1992a (Ivnik et al., , 1992b (Ivnik et al., , 1992c Machulda et al., 2007; Steinberg, Bieliauskas, Smith, & Ivnik, 2005a ) and Mayo's Older African Americans Normative Studies (MOAANS) Lucas, Ivnik, Willis, et al., 2005; Lucas et al., 2005a Lucas et al., , 2005b Lucas et al., , 2005c Pedraza et al., 2005; Rilling et al., 2005) , and in a Spanish population, the Neuronorma Project (Peña-Casanova, Blesa, et al., 2009; Peña-Casanova, Quiñones-Ú beda, Gramunt-Fombuena, Quintana-Aparicio, et al., 2009; .
There are several limitations of the present study. First, the large number of normative tables generated. This fact is, however, inherent to the statistical procedures applied (overlapping cell procedure, midpoint, age, and education adjustments). One possible solution could be a computer application to convert the raw scores to the appropriate age and education adjustment scale scores. Secondly, we presented norms for age ranging from 50 to 90 years; therefore, no new normative data under 50 years are available for this set of norms using the Neuronorma method. These and other general limitations of Neuronorma project have been discussed in a previous paper (Peña-Casanova, Blesa, et al., 2009) .
Despite its limitations, the methods used to obtain the norms for the a-BT (e.g., the conversion to age and education scaled scores, overlapping cell procedure, and midpoint) show a series of advantages. For example, this method signifies that the group means are more stable, resulting in less abrupt mean shifts between age blocks (Busch, Chelune, & Suchy, 2006) . Moreover, it manages to solve the limitation of using large groups that are age-stratified with no overlapping by allowing the comparison with more adjacent ages.
We also obtained the same metric for all the subtests which made one cognitive profile possible. In the original normative data (Peña-Casanova, Guardia, et al., 1997) , five different cognitive profiles were published. Moreover, the sample came from different Spanish regions (for more information, see Peña-Casanova, Blesa, et al., 2009 ); therefore, it was a multicenter project and thus achieved a better representation of the Spanish population. Finally, the normative data for the a-BT were developed in conjunction with norms for all the neuropsychological tests comprising the Neuronorma test battery. This same co-norming process had been previously used by Rilling and colleagues (2005) for older African Americans on the Mattis Dementia Rating Scale, as part of the MOAANS project.
We anticipate that this feature of Neuronorma norms will facilitate interpretation of a-BT performance within the context of a patient's overall neuropsychological profile, although the a-BT is of interest on its own as a general cognitive functioning battery. Moreover, it can be used as a complement to the Neuronorma battery, since it includes cognitive domains not assessed by the battery such as orientation, reading, writing, repetition, graphic constructional praxis for simple figures, symbolic gesture, numerical reasoning, and concept formation.
In summary, the a-BT is a brief test and the normative data presented in this study could be very useful for neuropsychologists interested in assessing the cognitive functioning of the Spanish population.
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